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Abstract

The topic of pain management systems has been around based on existing studies. However, existing systems are still
limited, especially with the application of persuasive technology and UX/UI principles in pain management. The
objective of this systematic review paper was to gain knowledge and provide existing parameters in developing a web-
based application for chronic pain management using persuasive technology. A total of one hundred fifty-seven (157)
studies/papers were collected from the year 2017 and they were filtered down based on title, abstract, and full-text
eligibility. Fifty-one (51) studies were chosen to be included in this review paper, which presented the elements and
evaluation of UX and UI in eHealth applications, the persuasive design models and principles, and the components in
remote chronic pain management system, in which all of them could be used as a basis in developing a web-based
application for chronic pain management using persuasive technology. Furthermore, after basing on the presentation
from the existing studies, this review paper also proposed a development model for the chronic pain management web
application that also applies persuasive technology.
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1. Introduction

With how eHealth systems and applications' main goal is to influence and help its users as much as it can, its factors
of usability when it comes to its purposes and features are vital to its successful implementation, this is especially so
with the fact that it involves the user's health (Maramba et al. 2019). As such, any health-related application should
be tested for its usability factors such as its user experience and user interface to ensure that the application is
appropriately and suitably designed and tailored to its target end-users needs. It is studied and observed that there have
been multiple publications that delve into the valuation of the user experience eHealth applications (Hajesmaeel-
Gohari et al. 2022), for the sake and goal of creating a new eHealth system, the paper seeks to explore these studies
in order to build an optimal user experience design along with the methods for evaluation. Persuasive technology, first
developed by B.J. Fogg (Kim et al. 2019), refers to the relationship between information and communication
technology (ICT) and the art of persuasion (de Toledo et al. 2018). It is an area or study of human-interacting
technology that seeks to influence or change the behavior of an individual. In relation, many eHealth interventions
have the objective of changing behavioral habits or routines in favor of more healthy behavior (Lucero et al. 2022).
As such, persuasive user experience designs have shown to be beneficial in web and mobile-delivered health
interventions (Lucero et al. 2022). While applicable in multiple disciplines, the use of persuasive technology in the
area of health is popular, as evidenced by the studies (Kim et al. 2019; Bartlett et al. 2017; Alpay et al. 2019). Pain is
defined as the unpleasant feeling one feels due to potential or actual tissue damage. It could also be caused by other
damages with no physical disorder (Finnerup 2019). Pain could be classified as chronic pain which is a recurring pain
that persists for more than 3 months (Devan et al. 2019). It is a common reason for people seeking medical care, a
leading cause of disability and one of the most widespread diseases around the world (Ghai et al. 2020; Finnerup

© IEOM Society International 348



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

2019; Varsi et al. 2021). That being said, services in regards to chronic pain management is essential (Ghai et al.
2020). In this review paper, it would help identify existing trends, strategies or components that could help in the
creation of a pain management system for chronic pain

There exist many researches discussing the application of persuasive technology for behavioral changes in eHealth in
the last five years. As such, this study aims to propose the development of a web application applying persuasive
technology for remote chronic pain management based on one hundred and fifty-seven (157) studies collected from
2017 to 2022. However, one study from 2009 was acquired as it is the origin of one of the frameworks referenced in
another study. Thus, this paper presents the elements, frameworks or principles, and components generally used in
eHealth products applying persuasive technology to influence behavior.

1.1 Objectives

The goal of this systematic literature review is to identify the following: (1) the user experience and user interface
elements of eHealth web applications and systems to apply towards the study, (2) theoretical frameworks or bases for
the development of a web application applying persuasive technology in its user experience design, and (3)
components or modules required in remote chronic pain management.

2. Methodology

The systematic review paper focuses on gathering and reviewing a collection of studies that are related to the topic of
developing a web-based application for chronic pain management using persuasive technology. Figure 1 shows a
visual presentation of the methodology used to produce a list of studies to be included in the review paper and it could
be explained with 5 steps:

Step 1: Selection of Studies. Possibly related and relevant studies were collected from different source databases. The
studies that were screened and included in this systematic review paper where from the following source databases:
ACM Digital Library, AIS eLibrary, ScienceDirect, JMIR Publications, IEEE Xplore, SAGE Journals, Springer link,
PubMed, PubMed Central, ResearchGate, Hindawi, Taylor and Francis Online, Oxford Academic, and Google
Scholar. A total of one hundred fifty-seven (157) studies were gathered from different source databases during the
selection process.

Step 2: Removal of Duplicates. The gathered studies from the first step were checked for any duplicates, which
resulted in zero (0) duplicates. Therefore, there were still 157 studies to filter after the removal of duplicates.

Step 3: Filtering by Title. The 157 studies were then filtered depending on how relevant they were based on their titles.
A total of fifty-five (55) studies were excluded in this step, which resulted to one hundred two (102) studies left to
filter in the next step.

Step 4: Filtering by Abstract. The 102 screened studies were filtered according to their abstracts, which resulted in
thirty-eight (38) studies excluded, making it sixty-four (64) studies left for full-text eligibility assessment.

Step 5: Filtering by Full-text. The full-text of the remaining 64 studies were read and analyzed to determine if their
contents were relevant and could be used for the purpose of this review paper. The number of studies chosen after
filtering by full-text was fifty-one (51), which could be grouped by source database: Google Scholar = 15, IMIR
Publications = 10, PubMed = 8, ScienceDirect =4, Springer Link = 3, IEEE = 3, SAGE Journals = 3, Oxford Academic
=1, PubMed Central = 1, ACM = 1, ResearchGate = 1, AIS eLibrary = 1. The 51 studies were chosen for they were
the most relevant to the review paper as each of them include or discuss at least one of the following criteria or topics
(all of which were based on studies related to each of them):

a. eHealth services design in regards to UX (User Experience), with the studies evaluating the user experience
using System Usability Scale (SUS) form (Hurmuz et al. 2020), and User Experience Questionnaire (UEQ)
(Kushendriawan et al. 2021), and other methods of user experience evaluation.

b. eHealth intervention or web application focusing on behavioral change (Asbjernsen et al. 2019).

implementation of persuasive technology or persuasive design principles or models (Qasim et al. 2018).

d. evaluation of persuasive technology in its design implementation towards health and wellness (Orji and Moffatt
2018).

e. concepts/applications capable of addressing pain conditions that allow for proper evaluation/assessment and/or
management of a patient’s pain condition (Finnerup 2019; Ghai et al. 2020).

o
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f. concepts/applications that are able to provide information on at least one of the following strategies for managing
pain: pain education, thought and behavioral management, exercises, activity pacing, relaxation or breathing, or
meditation (Devan et al. 2019).

Records identified through database searching

(n=157)
Records after duplicates removed
(n=157)
Records screened Titles excluded
(n=157) (n=55)
Records screened Abstract
(n=102) excluded
(n=238)
Full-text articles excluded
Full-text articles (n=13)
assessed for eligibility
(n = 64) Full text not accessible/References content that is accessible
(n=5)
Does not provide adequate details for pain assessmentmanagement/strategy
(n=2)
Does not provide adequate details for persuasive technology
(n=1)
Quiside the scope of the proposed system
. (n=5)

Studies included in the review
(n="51)

Figure 1. Study Filtering Methodology

3. Results and Discussions

3.1 Elements and Evaluation of UX and UI in eHealth Applications

The studies for this section are selected based on the first criteria in which a published paper has to evaluate the user
experience of eHealth applications. Although usability and user experience are subjective, the elements of what makes
a health-related system usable and have optimal user experience can still be defined. The quality of eHealth user
experience can be evaluated by its users via questionnaires, with there being numerous different established and
reliable questionnaires that are used for health-related technologies (Maramba et al. 2019; Hajesmaeel-Gohari et al.
2022). The various elements of what defines usability in these selected studies whether they are defined in-text or
from established questionnaires are then utilized and applied towards the development and evaluation of the new
proposed system. Usability — is defined as the extent to which a product can be used by its target users to do its
intended or made purpose with satisfaction, effectiveness, and efficiency. (Newton et al. 2021). Questionnaires can be
used to obtain measures of how usable a health application is (Melin et al. 2020; Touzery et al. 2019). in which is
commonly assessed by the System Usability Scale (SUS) as a reliable way for the subjective assessment of the
usability of an application (Islam et al. 2020; Anderson 2021; Marien et al. 2018; Rybarczyk et al. 2018). SUS aims
to evaluate the learnability, usability, and satisfaction of an application based on a score (Pérez-Rodriguez et al. 2021;
Finkelstein et al. 2022). Interface — It is the visual aspect of the application, (Yu and Huang 2020; Agusdin et al.
2021). An attractive and easy-to-use interface is regarded as contributing to a good user experience. An interface
should also include pleasing colors (Copeland et al. 2018), and a pleasing aesthetic (Hurmuz et al. 2020). Purpose —
the user must be able to easily define and understand the application purpose (Copeland et al. 2018). Practicality —
this can be defined as the quality of the application design for actual use (Agusdin et al. 2021).

According to the User Experience Questionnaire (UEQ), there are six scales of user experience which are:
Attractiveness, Efficiency, Perspicuity, Dependability, Stimulation, and Novelty. The UEQ is a an easy and reliable
for quality assessment (Kushendriawan et al. 2021). UEQ has been known to be used, applied, and evaluated for
eHealth-related applications (Kushendriawan et al. 2021; Pérez-Rodriguez et al. 2021; Liu et al. 2020). The rest of the
elements below are elements that are used in UEQ. However, its listed definitions and use are not derived from the
UEQ only, as some other studies that do not make use of UEQ have shown or have claimed to have the same elements

© IEOM Society International 350



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

for user experience: Attractiveness — overall impression of the product. Attractiveness is not just limited to visuals,
but is defined as if the users generally like or dislike the application (Kushendriawan et al. 2021; Liu et al. 2020).
Efficiency — defined as if the user can achieve their intended goals using the application quickly and efficiently and
with not much effort (Kushendriawan et al. 2021; Liu et al. 2020; Agusdin et al. 2021). Perspicuity — is defined as
how effortless understanding or getting familiar with how to use the product is (Kushendriawan et al. 2021; Liu et al.
2020). This can also be defined, or have the same meaning as Ease of use (Finkelstein et al. 2022). Dependability —
this is how much the user is in control of the functions of the application, with what it could do being predictable by
the users (Kushendriawan et al. 2021; Liu et al. 2020). Stimulation — this is how exciting, interesting or fun it is for
the users to use the application (Kushendriawan et al. 2021; Liu et al. 2020). Novelty — the user's impression of the
application's purpose or functions if it is creative or innovative (Kushendriawan et al. 2021; Liu et al. 2020).

In regards to the selected evaluation of user experience for its effectiveness itself, it is established that there are several
widely known methods of evaluating the user experience application eHealth applications, with the most used method
being the System Usability Scale or SUS (Maramba et al. 2019; Hajesmaeel-Gohari et al. 2022). The paper however
sees it best to consider what the selected studies have used for their own evaluation of eHealth user experience as the
selected studies best fit our own criteria and goals. Table 1. shows a list of the selected publications based on meeting
the first criteria (in which are publications focusing on e-health services design and evaluation in regards to UX) and
what UX evaluation method each paper used for its own eHealth application and study.

Table 1. User Experience Evaluation Methods Used

User Experience Description References

Evaluation
Method

SUS System Usability Scale 7 Hurmuz et al. (2020); Islam et al. (2020); Anderson
(2021); Marien et al. (2018); Rybarczyk et al. (2018);
Pérez-Rodriguez et al. (2021); Finkelstein et al. (2022)

UEQ User Experience 3 Kushendriawan et al. (2021); Pérez-Rodriguez et al.
Questionnaire (2021); Liu et al. (2020)
UMUX-LITE [ Usability Metric for 1 Copeland et al. (2018)
User Experience - Lite
PSSUQ Post-Study System 1 Setiawan et al. (2019)
Usability Questionnaire
Others Other UX evaluation 5 Hurmuz et al. (2020); Melin et al. (2020); Touzery et al.
tools only used once (2019); Yu and Huang (2020); Agusdin et al. (2021)

Review studies that do not evaluate their own eHealth application are excluded from this table. Resulting in 16 studies.
Most prevalent method used is of the System Usability Scale with 7 next to User Experience Questionnaire having 3.

All seven (7 out of 7) studies that have made use of SUS, makes use of the its usability questions to assess the
subjective nature of good usability, the ten questions used in the survey are all regarded as qualities in order for their
medical application to have “good usability”. Aspects such as how easy to learn the system is, how dependable the
system is, and others all factor in to good usability. A SUS score of above 68 is regarded as acceptable. Of the 7
studies, only one study from Islam et al. (2020) have reportedly had an “unsatisfactory” score of below 68 out of the
study’s multiple SUS tests, associating more usability problems with less usability score, expressing importance of
minimalistic or uncomplex design (Islam et al. 2020; Anderson 2021). For the UEQ, all 3 studies make use of the
aforementioned five elements of what makes good user experience (Attractiveness, Efficiency, Perspicuity,
Stimulation, and Novelty). All have reported to have above average or satisfactory UEQ scores, hence successfully
implementing these elements into their eHealth systems. One study however mentions that their weakest aspect was
of Novelty, which pertains to the applications originality (Liu et al. 2020).
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3.2 Persuasive Design Models and Principles

In the study, there are eleven papers or articles focused on implementing, examining, or discussing persuasive
technology. Among the eleven, nine concentrate on implementing models or principles that fall under the
aforementioned area. The most famous among them is the Persuasive System Design (PSD) developed by Oinas-
Kukkonen and Harjumaa. The following table 2 further discusses the models or principles and their application.

Table 2. Persuasive Models and Principles

Description \ No. of Studies \ Application References

Persuasive  System 5 Self-health Management, | Kim et al. (2019); Lucero et al. (2022);

Design Behavioral Change, Increase | Bartlett et al. (2017); Alpay et al.
of Physical Activity (2019); Coorey et al. (2019)

Fogg Behavior Model 3 Assessment, Development, | de Toledo et al. (2018); Alpay et al.
Self-health Management (2019); Theopilus et al. (2018)

Therapeutic 1 Assessment, Behavioral | Baumel et al. (2017)

Persuasiveness Change

Cialdini’s Principles 1 Assessment Ibrahim et al. (2018)

of Social Influence

Persuasive System Design (PSD). The PSD developed by Oinas-Kukkonen and Harjumaa (2009) features three
phases in developing persuasive systems. The first focuses on seven primary postulates that are to be addressed when
designing or evaluating a persuasive user experience design. Once addressed, the context or setting of the persuasive
system must be analyzed (intent, event, and strategy). Afterwards, this leads to the designing of the system qualities
or features, which manifest in four categories: primary task support, dialogue support, system credibility support, and
social support. Each category has its own set of principles. Figure 2 best illustrates the PSD framework. Of these
studies that make use of the PSD framework, only 2 studies (Lucero et al. 2022; Coorey et al. 2019) specifically
mention what principles are used under each persuasive category applied. It was discovered that 4 (Lucero et al. 2022;
Bartlett et al. 2017; Alpay et al. 2019; Coorey et al. 2019) of the 5 studies have primarily found the most success with
Primary Task Support in changing subject behavior. Both studies (Lucero et al. 2022; Coorey et al. 2019) have largely
the same principles used, specifically: (1) reduction, tunneling, tailoring, personalization, and self-monitoring; and (2)
simulation, reduction, tunneling, self-monitoring, and personalization. The study (Coorey et al. 2019) resulted in 73%
of its respondents agreeing on simulation being the most evident, while the study (Lucero et al. 2022) resulted in more
than 80% of its respondents’ preferring designs that featured tailoring. This suggests that Primary Task Support, and
its aforementioned principles, have the most influence in a persuasive user experience, which is further reinforced by
the study (Kim et al. 2019). That being said, it was also found that Dialogue Support (Kim et al. 2019; Lucero et al.
2022; Bartlett et al. 2017; Alpay et al. 2019; Coorey et al. 2019) and System Credibility Support (Kim et al. 2019;
Lucero et al. 2022; Alpay et al. 2019; Coorey et al. 2019) were effective as well. Of all five (5) studies analyzed,
Social Support was the least utilized and least evident compared to the other categories. This suggest that Social
Support, while still important, is the least applicable to the situations of the papers.

Seven Postulates

Persuasion Context

Persuasive Design of System Qualities

1. 1T is always on The Intent Primary Task Support Dialogue Support Credibility Support Social Support
2. Commitment and Persuader
consistency needed Change type Reduction Praise Trustworthiness Social Learning
3. Direct and indirect The Event Tunneling Rewards Expertise Social Comparison
routes
Use Tailoring Reminders Surface Credibility Normative Influence
4. Incremental User o ) _
Technology l> Personalization Suggestion Real world feel Social Facilitation
5. Open . - W - .
The Strat Seli-monitoring Similarity Authority Cooperation
6. Unobtrusive © Strategy
Simulation Liking Third Party Endorsement Competition
Message
7. Useful and easy-io- Rout
use oute Rehearsal Social Role Verifiability Recognition

Figure 2. Phases of Persuasive System Design

© IEOM Society International

352



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

Fogg Behavior Model (FBM). Proposed by B.J. Fogg, the FBM helps in understanding how a behavior occurs.
According to the model, three factors must come together in order for an action to take place: motivation, ability, and
trigger (Alpay et al. 2019). Should any of the three not be present, a behavior will not be enacted. Additionally, each
factor has its own set of elements (Theopilus et al. 2018): motivation — pleasure or pain, hope or fear, and acceptance
or rejection; ability — factors of simplicity (time, money, physical effort, brain cycles, social deviance, and non-
routine); and trigger — spark, facilitator, and signal. The following figure, acquired from (Theopilus et al. 2018),
illustrates the behavioral model. Only 2 (de Toledo et al. 2018; Alpay et al. 2019) of the 3 studies implementing FBM
feature results that relate to the model. In that regard, both studies seek to integrate FBM into a personalized model or
framework.

Therapeutic Persuasiveness. Therapeutic Persuasiveness describes the manner of which a product or system is made
to help persuade its users to positively alter their behavior (Baumel et al. 2017). Thus, it typically includes five
components, namely: call to action, load reduction of activities, use of adaptive content, constant feedback and
rewards, and clear expectations and rationale (Baumel et al. 2017). One study found using therapeutic persuasiveness,
it discovered a link between therapeutic persuasiveness and user engagement and content.

Cialdini’s Principles of Social Influence. The principles of social influence used by the study (Ibrahim et al. 2018)
were applied or manifested as persuasive visuals — added with other concepts of user experience such as usability,
visual aesthetic, and engagement. Collectively, there are six principles (Ibrahim et al. 2018; Qasim et al. 2018):
commitment and consistency (to an objective), authority, reciprocity (receiving of a reward), liking (influence from
others), scarcity (demand of a lacking resource), and social proof (motivation under the observance of others). In doing
so, two models were created: in the first model, the six principles are used as the dominant or primary variables; while
the second model used the six principles as the primary constructs of social influence.

Lastly, the remaining two studies of the eleven selected papers are guidelines in developing or applying persuasive
techniques. The first study (Kolesar 2018) features four different persuasive techniques: cognitive biases, social biases,
gamification, and trust. These are in addition to offering different levels of processing design. The second study (Oduor
et al. 2017), coauthored by Oinas-Kukkonen, features software design patterns for dialogue support in the persuasive
system design. It particularly focused on the principles of praise, suggestion, reminders, and rewards. In doing so, it
also provides three different patterns: reminder, reward, and instant feedback (combination of praise and suggestion).

3.3 Components in Remote Chronic Pain Management System

Pain could be defined as the unpleasant feeling and emotional experience connected to a potential or actual tissue
damage. It could also be connected to other types of damages where there is no existence of any physical disorder
(Finnerup 2019). Pain could be classified as chronic pain or persistent pain which is a type of recurring pain that has
been happening for more than 3 months. It covers a wide range of conditions such as musculoskeletal pain, pain after
surgery or trauma, persistent primary pain (e.g., back pain or neck pain), and so on (Devan et al. 2019). Chronic pain
has been considered as one of the most widespread diseases worldwide and that it is a common reason that people
seek medical care (Ghai et al. 2020; Varsi et al. 2021). This type of pain affects 1 in every 5 people, making it a leading
cause of disability in the world (Devan et al. 2019). After establishing the definition and effects of chronic pain, it
could now be seen as to why treatment or management of chronic pain is considered as an essential service (Ghai et
al. 2020). Unfortunately, such services or interventions are not always accessible in-person and there are many barriers
to accessing in-person pain services (Varsi et al. 2021; Devan et al. 2019). Such barriers could be long-waiting lists
and transportation issues (Devan et al. 2019). This is where the need for a remote pain management system comes in.
However, digital solutions for chronic pain are still limited and that a gap still exists between available digital self-
help pain management programs and effective evidence-based interventions. Furthermore, there is also a lack of health
care professional input during the development process of existing pain management systems (Varsi et al. 2021; Devan
etal. 2019).

In order to properly develop a pain management system, past studies that have discussed such systems must be
properly reviewed. Most of the existing studies about pain management systems are about mobile applications (Solem
et al. 2020; Yang et al. 2018; Bhatia et al. 2021; Koumpouros 2021; Shah and Chiew 2019; Slepian et al. 2020) while
there are some that focused on web applications (Oldenmenger et al. 2017; Richardson et al. 2021; Tipprom et al.
2018) because it allowed users to access the system on multiple devices or platforms (Oldenmenger et al. 2017;
Tipprom et al. 2018). In most available pain management systems, it allowed for the users to assess their pain through
some sort of form or questionnaire. Which is an important aspect since an effective chronic pain management relies
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on proper pain assessments and clinical history (Ghai et al. 2020). Pain assessments are done to take note of
progression (Tipprom et al. 2018) or symptoms (Devan et al. 2019; Bhatia et al. 2021). Table 3 below provides a
summary of relevant findings from the chosen studies regarding pain assessments.

Table 3. Summary of Existing Pain Assessment Types or Forms

Types or Description H No. of References
Forms Studies
Scale Indicating Pain Intensity from 0 to 10 (no 5 Finnerup (2019); Bhatia et al. (2021);
pain to worst pain). Slepian et al. (2020); Oldenmenger et al.
(2017); Tipprom et al. (2018)
Indicating Pain Intensity from 1 to 10. 1 Yang et al. (2018)
Location Indicating the location of the painful area by 5 Yang et al. (2018); Bhatia et al. (2021);
Indicator clicking body parts through a body map. Koumpouros (2021); Slepian et al.
(2020); Kawai et al. (2017)
Questionnaire | Answering questions about the pain 2 Bhatia et al. (2021); Slepian et al. (2020);

symptoms and any possible past events
connected to the pain.

Answering questions related to 4 Yang et al. (2018); Bhatia et al. (2021);
treatments/medications for the pain. Slepian et al. (2020); Kawai et al. (2017)
Answering questions which ask if relief was 1 Kawai et al. (2017)

received from the medications.

Answering questions about the character of 3 Yang et al. (2018); Bhatia et al. (2021);
the pain, timing of the pain, Slepian et al. (2020)

aggravating/alleviating factors of the pain,
and what were the activities they have done
for the day that mattered to them.
Answering questions about how the pain has 2 Koumpouros (2021); Kawai et al. (2017)
affected their daily activities/lives (such as
sleeping, socializing, housework).

Answering questions about anxiety, 1 Ghai et al. (2020)

depression, and sleep issues caused by pain.
Pain History/ | The completed pain assessments could be 5 Yang et al. (2018); Bhatia et al. (2021);
Record stored and viewed on demand by the user. Koumpouros (2021); Slepian et al.
Keeping (2020); Tipprom et al. (2018)

The completed pain assessments could be 3 Bhatia et al. (2021); Slepian et al. (2020);

sent or accessed by health care professionals. Tipprom et al. (2018)

In regards to the actual management of pain, existing studies have also provided multiple pain strategies in order to
alleviate the pain. Based on the chosen studies, some of them have mentioned self-management strategies for pain
management (Finnerup 2019; Devan et al. 2019; Varsi et al. 2021). Self-management is a concept where individuals
use strategies/ skills to daily manage their health and to play an important role in managing their condition (Finnerup
2019). Table 4 below provides a summary of relevant findings from the chosen studies regarding pain management
strategies.

Table 4. Summary of Existing Non-Pharmacological Pain Management Strategies or Interventions

Strategies or | Description/Analysis No. of | References
Interventions Studies
Mindfulness- | It is an example of self-management interventions. 4 Finnerup (2019); Devan et
based or al. (2019); Ghai et al.
Psychological (2020); Shah and Chiew
Interventions (2019)
Have been found to be effective and showed promising 2 Devan et al. (2019);
consistent results for the treatment of persistent pain. Majeeda et al. (2018)
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Includes stress-reduction, cognitive therapy, meditation, | 2 Devan et al. (2019); Shah
guided imagery, muscle relaxation, diaphragmatic and Chiew (2019)
breathing.
Most frequent form of mindfulness in self-management 1 Devan et al. (2019);
strategies were meditation and guided relaxation.
Music therapy has been used as a way to manage pain. 2 Yang et al. (2018); Honzel et
al. (2019)
Physical Physical exercises/therapy have also been mentioned asa | 4 Finnerup (2019); Ghai et al.
Therapy or form of strategy for pain management. (2020); Tipprom et al.
Activities (2018); Akhtar et al. (2017)
Physical therapy with core stabilization and routine 1 Akhtar et al. (2017)
exercises was effective in treating chronic back pain.
Physical exercises for knee pain could be prescribed by a | 1 Tipprom et al. (2018)
therapist through a web application.
Integrating Persuasive technology in pain management is important | 2 Varsi et al. (2021); Solem et
Persuasive for motivation and engagement. al. (2020)
Technologies | It could be through supportive language or enjoyable 1 Varsi et al. (2021)
design, promoting feelings of hope and continued use.
It could be applied through a leveling system or by 2 Solem et al. (2020)
giving points or trophies to users.

4. Proposed System

In order to make the most optimal user experience and interface, the aforementioned elements are to be applied to this
proposed system by making it usable (Newton et al. 2021), have an appealing interface (Yu and Huang 2020; Agusdin
et al. 2021), easily identifiable purpose (Copeland et al. 2018), and be practical for the user itself (Agusdin et al. 2021).
These elements however are subjective; hence it will be evaluated by the most renowned method of user experience
and usability evaluation which is the System Usability Scale (SUS) which has been shown to be previously used on
eHealth applications as an effective way of assessing usability (Hurmuz et al. 2020; Islam et al. 2020; Anderson 2021;
Marien et al. 2018; Rybarczyk et al. 2018). User Experience Questionnaire (UEQ) elements of user experience will
also be applied, and is evaluated by the UEQ itself. These scales pertain to attractiveness, efficiency, perspicuity,
dependability, stimulation, and novelty. UEQ will be used as to better define user experience scales to be applied to
eHealth applications as from previously mentioned studies (Kushendriawan et al. 2021; Pérez-Rodriguez et al. 2021;
Liu et al. 2020). In applying persuasive technology to the user experience design, the study will make use of the
Persuasive System Design (PSD) framework developed by Oinas-Kukkonen and Harjumaa (2009). Based on the
results of the studies (Kim et al. 2019; Lucero et al. 2022; Bartlett et al. 2017; Alpay et al. 2019; Coorey et al. 2019),
the development model will consider the persuasion context - taking into consideration the personal situation of the
user, as emphasized by the study of Orji and Moffatt (2018). In considering the findings of the studies (Lucero et al.
2022; Asbjernsen et al. 2019), the proposed system features primary task support, dialogue support, and system
credibility support as these are the most applicable to the context of the study. Additionally, the patterns identified by
Oduor et al. (2017) and gamifications principles identified Kolesar (2018) were taken into consideration. Applying
the principles under the PSD framework and the principles of design for UI/UX lends to both visual and content
persuasiveness. In the creation of the proposed chronic pain management system, the decision of what modules to
include in it would be based on the contents provided by existing pain management studies or systems. One of the
things that were mentioned was the existence of pain assessment where a user could answer a questionnaire (Yang et
al. 2018; Bhatia et al. 2021; Koumpouros 2021; Slepian et al. 2020), or a scale (Finnerup 2019; Yang et al. 2018;
Bhatia et al. 2021; Slepian et al. 2020; Oldenmenger et al. 2017; Tipprom et al. 2018), to provide details about their
pain. Furthermore, non-pharmacological pain strategies were also mentioned to manage pain such as psychological
interventions (Finnerup 2019; Devan et al. 2019; Ghai et al. 2020; Yang et al. 2018; Shah and Chiew 2019; Majeeda
et al. 2018; Honzel et al. 2019; Cheever et al. 2018) and physical therapies (Finnerup 2019; Ghai et al. 2020; Tipprom
et al. 2018; Akhtar et al. 2017). The integration of persuasive technology in pain management system was also
mentioned in past studies for motivation and engagement (Varsi et al. 20215 Solem et al. 2020).

The proposed development model, as shown in Figure 3, considers the nature of the chronic pain plaguing an
individual, which refers to their situation in dealing with the pain. Location, intensity, influence, and causes are all
included in this context as this is important for consideration in developing the system. It also considers the current or

© IEOM Society International 355



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

existing situation, practices or standards in regards to pain management such as the existence of pain assessment and
psychological and physical pain strategies to alleviate pain. This is then used as input in implementing the Persuasive
System Design (PSD) framework, which is in turn applied to the overall designing of the website. SUS assessment of
the website is then evaluated for each development iteration of the website to ensure its usability, UEQ assessment is
evaluated as well for the finished version of the website to ensure that all of the user experience and user interface
elements and scales are up to an acceptable measure. Additionally, the evaluations serve to help indicate the
effectiveness of the persuasive design. The website would then incorporate some of the modules that have been
identified from past studies such as the pain assessment. The pain assessment would be available through a Brief Pain
Inventory (BPI) scale that the users could answer in order to specify details about their pain such as the intensity,
location, medications taken and level of interference to daily activities. On the other hand, the pain strategies that
would be available in the system would be both physical and psychological exercises. It would be accompanied with
persuasive technologies such as leveling system, badges and points to promote engagement and motivation.

Nature of Chronic Pain
and Management

Y

Credibility

Dialogue Support Support

—

Evaluation with Pain Assessments

-~ ) ’
PSD SUS and UEQ > Website 3w and Pain
Strategies

Context Support

| Persuasion Primary Task

Figure 3. Proposed Development Model for Chronic Pain Management Web App using Persuasive Technology

S. Implication and Conclusion

The research paper presented generally succeeds in achieving its goals, having identified elements in user experience
and user interface design, a framework for applying persuasive technology, and the components to be implemented in
remote chronic pain management. Having done so, it subsequently applies the (selected) aforementioned in proposing
a development model for a web application applying persuasive technology for chronic pain management. In
collecting over 157 related studies, it was filtered down into 51 studies based on a filtering process shown in Figure
1. The most prevalent evaluation tools for user experience design are the System Usability Scale (SUS) and User
Experience Questionnaire (UEQ). The elements in the UEQ are taken into consideration for the proposed system’s
design. Among the possible models, frameworks, or principles available for persuasive technology application, it was
found that the Persuasive System Design (PSD) framework was the most used, which was also used for this study.
The selected pain assessment tool is the Brief Pain Inventory (BPI), and the pain management process will include
both physical and psychological-based interventions. As such, the results of the research process can be used as
reference for future studies looking to apply persuasive technology to web applications for chronic pain management.
Moreover, the proposed system can be used as reference in future web application development efforts in eHealth.

6. Limitation and Future Research

This section is directed towards future research if the topic of the study is of similarity. There can be more literature
to include in the filtration process. The chosen criteria for selecting papers are also limited to not being tested or
validated but do have referenced basis. This paper is only meant to approach, define and apply various concepts that
are needed to be applied towards the persuasive technology-centered eHealth application, the actual application of
these methods for development has yet to commence.

References

Agusdin, R. P., Salsabila, A., and Putri, D. A. K., Designing User Experience Design of the Healthy Diet Mobile
Application Using the Fives Planes Framework, Jurnal Buana Informatika, vol. 12, pp. 11-20, 2021.

© IEOM Society International 356



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

Akhtar, M. W., Karimi, H., and Gilani, S. A., Effectiveness of core stabilization exercises and routine exercise therapy
in management of pain in chronic non-specific low back pain: A randomized controlled clinical trial. Pakistan
Journal of Medical Sciences, vol. 33(4), pp. 1002-1006, 2017.

Alpay, L., Doms, R., and Bijwaard, H., Embedding persuasive design for self-health management systems in Dutch
healthcare informatics education: Application of a theory-based method. Health Informatics Journal, vol. 25(4),
pp- 1631-1646, 2019.

Andersson, J., Using Gamification to Improve User Experience and Health Effects in Mobile Applications. Available:
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1571012&dswid=9174, 2021

Asbjernsen, R. A., Smedsrad, M. L., Nes, L. S., Wentzel, J., Varsi, C., Hjelmesath, J., and van Gemert-Pijnen, J. E.,
Persuasive system design principles and behavior change techniques to stimulate motivation and adherence in
electronic health interventions to support weight loss maintenance: scoping review. Journal of Medical Internet
Research, vol. 21(6), 2019.

Bartlett, Y. K., Webb, T. L., and Hawley, M. S., Using persuasive technology to increase physical activity in people
with chronic obstructive pulmonary disease by encouraging regular walking: a mixed-methods study exploring
opinions and preferences. Journal of Medical Internet Research, vol 19(4), 2017.

Baumel, A., Faber, K., Mathur, N., Kane, J. M., and Muench, F., Enlight: a comprehensive quality and therapeutic
potential evaluation tool for mobile and web-based eHealth interventions. Journal of Medical Internet Research,
vol. 19(3), 2017.

Bhatia, A., Kara, J., Janmohamed, T., Prabhu, A., Lebovic, G., Katz, J., and Clarke, H., User engagement and clinical
impact of the Manage My Pain app in patients with chronic pain: a real-world, multi-site trial. JMIR mHealth and
uHealth, vol. 9(3), 2021.

Cheever, T., Taylor, A., Finkelstein, R., Edwards, E., Thomas, L., Bradt, J., Holochwost, S. J., Johnson, J. K., Limb,
C., Patel, A. D., Tottenham, N., Iyengar, S., Rutter, D., Fleming, R., and Collins, F. S., NIH/Kennedy center
workshop on music and the brain: finding harmony. Neuron, vol. 97(6), pp. 1214-1218, 2018.

Chronic Conditions: Development and Usability Study. JMIR Rehabilitation and Assistive Technologies, vol. 8(1),
2021.

Coorey, G., Peiris, D., Usherwood, T., Neubeck, L., Mulley, J., and Redfern, J., Persuasive design features within a
consumer-focused eHealth intervention integrated with the electronic health record: A mixed methods study of
effectiveness and acceptability. PLoS One, vol. 14(6), 2019.

Copeland, C., Morreale, P., and Li, J., m-Health application Interface design for symptom checking. /0th International
Conference on e-Health, pp. 210-214, Madrid, Spain, July 17-19, 2018.

de Toledo, F. P., Devincenzi, S., Kwecko, V., Mota, F. P., and da Costa Botelho, S. S., A Framework for Modeling
Persuasive Technologies Based on the Fogg Behavior Model. 2018 IEEE Frontiers in Education Conference
(FIE), pp. 1-5, 2018.

Devan, H., Farmery, D., Peebles, L., and Grainger, R., Evaluation of self-management support functions in apps for
people with persistent pain: systematic review. JMIR mHealth and uHealth, vol. 7(2), 2019

Finkelstein, J., Huo, X., Parvanova, 1., and Galsky, M., Usability Inspection of a Mobile Cancer Telerchabilitation
System. Informatics and Technology in Clinical Care and Public Health, vol. 289, pp. 405-409, 2022.

Finnerup, N. B. Nonnarcotic methods of pain management. New England Journal of Medicine, vol. 380(25), pp. 2440-
2448, 2019.

Ghai, B., Malhotra, N., and Bajwa, S. J. S., Telemedicine for chronic pain management during COVID-19 pandemic.
Indian Journal of Anaesthesia, vol. 64(6), pp. 456—462, 2020.

Hajesmaeel-Gohari, S., Khordastan, F., Fatehi, F., Samzadeh, H., and Bahaadinbeigy, K., The most used
questionnaires for evaluating satisfaction, usability, acceptance, and quality outcomes of mobile health. BMC
Medical Informatics and Decision Making, art. 22(1), pp. 1-9, 2022.

Honzel, E., Murthi, S., Brawn-Cinani, B., Colloca, G., Kier, C., Varshney, A., and Colloca, L., Virtual reality, music,
and pain: developing the premise for an interdisciplinary approach to pain management. Pain, vol. 160(9), pp.
1909-1919, 2019.

Hurmuz, M. Z., Jansen-Kosterink, S. M., op den Akker, H., and Hermens, H. J., User experience and potential health
effects of a conversational agent-based electronic health intervention: Protocol for an observational cohort study.
JMIR Research Protocols, vol. 9(4), 2020.

Hvali¢-Touzery, S., Dolni¢ar, V., Prevodnik, K., Skafar, M., and Petrov¢i¢, A. THE IMPORTANCE OF
PATIENTS’USER EXPERIENCE WITH A TELEHEALTH SYSTEM FOR THEIR EVALUATION OF ITS
PSYCHOSOCIAL IMPACTS. Proceedings of Smart Living Forum 2019, 1%, Books on Demand, 2019.

Ibrahim, N., Shiratuddin, M. F., and Wong, K. W., Modelling the persuasive visual design model for web design: A
confirmatory factor analysis with PLS-SEM. AIP Conference Proceedings, vol. 2016(1), p. 020056, 2018.

© IEOM Society International 357



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

Islam, M. N., Karim, M., Inan, T. T., and Islam, A. K. M., Investigating usability of mobile health applications in
Bangladesh. BMC Medical Informatics and Decision Making, vol. 20(1), pp. 1-13, 2020

Kawai, K., Kawai, A. T., Wollan, P., and Yawn, B. P., Adverse impacts of chronic pain on health-related quality of
life, work productivity, depression and anxiety in a community-based study. Family Practice, vol. 34(6), pp. 656-
661, 2017.

Kim, M. T., Kim, K. B., Nguyen, T. H., Ko, J., Zabora, J., Jacobs, E., and Levine, D., Motivating people to sustain
healthy lifestyles using persuasive technology: A pilot study of Korean Americans with prediabetes and type 2
diabetes. Patient Education and Counseling, vol. 102(4), pp. 709-717, 2019.

KOLESAR, M., Compendium of Persuasive User Experience Design Techniques, Doctoral Dissertation, Masarykova
Univerzita, Fakulta Informatiky, 2018.

Koumpouros, Y., A highly user-centered design approach for developing a mobile health app for pain management
(PainApp). The 14th PErvasive Technologies Related to Assistive Environments Conference, pp. 320-329, New
York, NY, USA, June, 2021.

Kushendriawan, M. A., Santoso, H. B., Putra, P. O. H., and Schrepp, M., Evaluating User Experience of a Mobile
Health Application ‘Halodoc’using User Experience Questionnaire and Usability Testing. Jurnal Sistem
Informasi, vol. 17(1), pp. 58-71, 2021.

Liu, Y., Encelle, B., and Sehaba, K., A User-Centered Approach to Design a Mobile Application for Chronic Pain
Management, Modelling, Measurement and Control C, vol. 81(1-4), pp. 24-29, 2020.

Lucero, R. J., Yoon, S., Suero-Tejeda, N., Arcia, A., Iribarren, S., Mittelman, M., Luchsinger, J., and Bakken, S.,
Application of persuasive systems design principles to design a self-management application user interface for
Hispanic informal dementia caregivers: user preferences and perceptions. JAMIA Open, vol. 5(1), pp. 1-11,2022.

Majeed, M. H., Ali, A. A., and Sudak, D. M., Mindfulness-based interventions for chronic pain: Evidence and
applications. Asian Journal of Psychiatry, vol. 32, pp. 79-83, 2018.

Marien, S., Legrand, D., Ramdoyal, R., Nsenga, J., Ospina, G., Ramon, V., Boland, B., and Spinewine, A., A web
application to involve patients in the medication reconciliation process: a user-centered usability and usefulness
study. Journal of the American Medical Informatics Association, vol. 25(11), pp. 1488-1500, 2018.

Maramba, 1., Chatterjee, A., and Newman, C., Methods of usability testing in the development of eHealth applications:
a scoping review. International journal of medical informatics, vol. 126, pp. 95-104, June, 2019.

Melin, J., Bonn, S. E., Pendrill, L., and Lagerros, Y. T., A questionnaire for assessing user satisfaction with mobile
health apps: Development using rasch measurement theory. JMIR mHealth and uHealth, vol. 8, no. 5, 2020
Newton, A. S., March, S., Gehring, N. D., Rowe, A. K., and Radomski, A. D., Establishing a Working Definition of
User Experience for eHealth Interventions of Self-reported User Experience Measures With eHealth Researchers

and Adolescents: Scoping Review. Journal of medical Internet research, vol. 23, no. 12, 2021.

Oinas-Kukkonen, H., and Harjumaa, M., Persuasive systems design: Key issues, process model, and system features.
Communications of the Association for Information Systems, vol. 24, no. 1, pp. 485-500, 2009.

Oldenmenger, W. H., Baan, M. A., and van der Rijt, C. C., Development and feasibility of a web application to monitor
patients’ cancer-related pain. Supportive Care in Cancer, art. Vol. 26, no. 2, pp. 635-642, 2018.

Orji, R., and Moffatt, K., Persuasive technology for health and wellness: State-of-the-art and emerging trends. Health
Informatics Journal, vol. 24, no. 1, pp. 66-91, 2018.

Oduor, M., Alahédivélé, T., and Oinas-Kukkonen, H., Software Design Patterns for Persuasive Computer—Human
Dialogue: Reminder, Reward, and Instant Feedback. Behavior Change Research and Theory, pp. 47-67,
Academic Press, 2017.

Pérez-Rodriguez, R., Villalba-Mora, E., Valdés-Aragonés, M., Ferre, X., Moral, C., Mas-Romero, M., Abizanda-
Soler, P., and Rodriguez-Maiias, L., Usability, User Experience, and Acceptance Evaluation of CAPACITY: A
Technological Ecosystem for Remote Follow-Up of Frailty. Sensors, vol. 21(19), p. 6458, 2021

Qasim, M. M., Ahmad, M., Omar, M., Zulkifli, A. N., and Abu Bakar, J. A., Persuasive Technology and Mobile
Healthcare: A Critical Review. Journal of Advanced Research in Dynamical & Control Systems, vol. 10, no. 10,
pp. 1501-1513, 2018.

Richardson, J., Letts, L., Sinclair, S., Chan, D., Miller, J., Donnelly, C., Smith-Turchyn, J., Wojkowski, S., Gravesane,
J., and Sanchez, A. L., Using a Web-Based App to Deliver Rehabilitation Strategies to Persons With Varsi, C.,
Ledel Solem, I. K., Eide, H., Barasund, E., Kristjansdottir, O. B., Heldal, K., Waxenberg, L. B., Weiss, K. E.,
Schreurs, K. M. G., Morrison, E. J., Stubhaug, A., and Solberg Nes, L. (2021). Health care providers’ experiences
of pain management and attitudes towards digitally supported self-management interventions for chronic pain: a
qualitative study. BMC Health Services Research, art. Vol 21, no. 1, pp. 1-16, 2021.

© IEOM Society International 358



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

Rybarczyk, Y., Cointe, C., Gongalves, T., Minhoto, V., Deters, J. K., Villarreal, S., Gonzalo, A. A., Baldeon, J., and
Esparza, D., On the use of natural user interfaces in physical rehabilitation: A web-based application for patients
with hip prosthesis. Journal of Science and Technology of the Arts, vol. 10, no. 2vol. , pp. 15-24, 2018.

Setiawan, I. M. A., Zhou, L., Alfikri, Z., Saptono, A., Fairman, A. D., Dicianno, B. E., and Parmanto, B., An adaptive
mobile health system to support self-management for persons with chronic conditions and disabilities: usability
and feasibility studies. JMIR Formative Research, vol. 3, no. 2, 2019.

Shah, U. E. M., and Chiew, T. K., A Systematic Literature Review of the Pain Management Mobile Applications:
Toward Building a Conceptual Model. /[EEE Access, vol. 7, pp. 131512-131526, 2019.

Slepian, P. M., Peng, M., Janmohamed, T., Kotteeswaran, Y., Manoo, V., Blades, A. M., Fiorellino, J., Katznelson,
R., Tamir, D., McRae, K., Kahn, M., Huang, A., Kona, S., Thaker, S., Weinrib, A., Katz, J. and Clarke, H. (2020).
Engagement with Manage My Pain mobile health application among patients at the Transitional Pain Service.
Digital Health, vol. 6, 2020.

Solem, I. K. L., Varsi, C., Eide, H., Kristjansdottir, O. B., Bargsund, E., Schreurs, K. M., Waxenberg, L. B., Weiss,
K. E., Morrison, E. J., Haaland-Overby, M., Bevan, K. Zangi, H. A., Stubhaug, A., and Nes, L. S., A user-centered
approach to an evidence-based electronic health pain management intervention for people with chronic pain:
design and development of EPIO. Journal of Medical Internet Research, vol. 22, no. 1, 2020.

Theopilus, Y., Yogasara, T., and Octavia, J. R., Persuasive-universal design model for creating user experience in
product to solve behavior problems. AIP Conference Proceedings, vol. 1977, no. 1, p. 030009, 2018.

Tipprom, A., Soontornpipit, P., Sillabutra, J., Satitvipawee, P., and Viwatwongkasem, C., Development of a
Rehabilitation Monitoring System on Web-Based Application for Patients with Knee Pain. 2018 International
Electrical Engineering Congress (iEECON), pp. 1-4, Krabi, Thailand, March 7-8, 2018.

Yang, J., Weng, L., Chen, Z., Cai, H., Lin, X., Hu, Z., Li, N., Lin, B., Zheng, B., Zhuang, Q., Du, B., Zheng, Z. and
Liu, M., Development and testing of a mobile app for pain management among cancer patients discharged from
hospital treatment: randomized controlled trial. JMIR mHealth and uHealth, vol. 7, no. 5, 2019.

Yu, N, and Huang, Y. T., Important factors affecting user experience design and satisfaction of a Mobile health app—
A case study of daily yoga app. International Journal of Environmental Research and Public Health, vol. 17, no.
19, p. 6967, 2020.

Biographies

Mary Jane C. Samonte has a double bachelor's degree in computer education and information technology. She also
has two post graduate degree; Information Technology and Computer Science. She finished her Doctor in IT with a
study focusing in Deep Learning. She has a wide range of research interests that are centered around educational
technologies, gamification, mobile and ubiquitous learning, digital game-based learning, artificial intelligence
in education, e-health, assistive technology, natural language processing, green computing and data analytics-based
studies.

Alexandra Mikaela G. Celestial is a student in Mapua University Makati, currently studying under the program
Bachelor of Science in Information Technology, specializing in Application Development.

Emmanuel Carlos T. Medina is a student taking up the program Bachelor of Science in Information Technology
(BSIT) under the School of Information Technology in Mapua University, Makati.

Karl Samuel D. San Juan is an undergraduate senior in Mapua University Makati who is taking up a bachelor’s
degree in Information Technology. He has an interest in programming and digital illustrating.

© IEOM Society International 359



	1. Introduction
	1.1 Objectives
	2. Methodology
	3. Results and Discussions
	3.1 Elements and Evaluation of UX and UI in eHealth Applications
	3.2 Persuasive Design Models and Principles
	3.3 Components in Remote Chronic Pain Management System
	4. Proposed System
	5. Implication and Conclusion
	6. Limitation and Future Research
	Biographies



